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INTRODUCTION AND LITERATURE REVIEW 
General 
Thts literature review is divided in four parts. The first part 
covers the production and composition of spray dried porcine plasma 
(SDPP). The second part covers the immune system, with special emphasis 
on the secretory immune system as well as the piglet's immunity. The 
third part is a review of literature in which immunoglobulins (Ig's) have 
been used as a supplement for piglets. Finally, the last part is a review 
of literature of experiments in which different sources of protein have 
been assayed for weanling pigs. 
Production and Composition of SDPP 
Production 
Spray dried porcine plasma is a by-product from the meat packing 
industry. Blood is collected at slaughter plants with a hollow knife with 
a plastic tube connected to a vacuum system. The knife usually has a 
microshift in order to add an anticoagulant to the blood. The most 
commonly used anticoagulants are sodium citrate, ammonium oxalate and 
sodium pyrophosphate, with sodium citrate being the most common (Graham, 
1978). The pig's blood yield is approximately 2 liters (Hudson, 1986). 
Blood with anticoagulant is refrigerated at 3 to 5°C. Blood must be 
collected in a clean manner in order to avoid contamination as much as 
possible. It must be stored in a way that it is possible to discard if 
inspection is not passed. 
The blood is then separated into plasma and cell fractions by 
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centrifugation. The plasma is stored at - 4 °c until it is spray dried. 
The cell fraction constitutes approximately 70 to 75 % of the protein in 
blood (Alder-Nissen, 1986), 80 % of which is hemoglobin (Drepper et al. 
1981). 
Little application has been found for the red cell fraction due 
mainly to its intense red color. 
Whole blood has 17 to 19 % crude protein. Centrifugation yields 60 
to 70 % of liquid plasma, which only contains 8 % of crude protein 
(Hudson, 1986). Plasma contains 100 well-characterized proteins (Putnam, 
1984). Albumins are the most important (50 - 60 %). Glqbulins (alpha, 
beta and gamma) and globins follow them in number. 
It is very important when separating plasma from whole blood to avoid 
hemolysis as much as possible in order to obtain a white powder, 
especially if it is for human consumption. 
Once the plasma is obtained, it is converted to a white powder by 
spray drying. This process consists of preheating (25 min at 32 °C). 
When the plasma has reached the adequate temperature, it undergoes spray 
drying for 1 to 2 min at 207 °C. In this process plasma is sprayed into a 
heated chamber that converts it into powder. Among the most popular 
systems of spray drying are the Conball dryer (Bush Ltd., Switzerland) and 
the Ekal-Nateko dryer (Nateko, Sweden); both consist of plastic balls as a 
surface of drying, so they increase the surface at which liquid plasma is 
exposed to warm air. According·to Filkova (1987) this process transforms 
a pumpable fluid (plasma) into a dried product in a single operation. The 
liquid is atomized using a rotating wheel or a nozzle. The spray of 
droplets comes immediately in contact with a flow of hot drying medium, 
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which is usually air. The rapid evaporation maintains a low droplet 
temperature, so that high drying temperatures can be applied without 
affecting the product. The main advantages of this process are: high 
tonnage production with relatively simple equipment, heat sensitive 
products can be dried without damage and production of uniform particles. 
Finally, the plasma powder is heated for 1 to 2 min at 93°C in order to 
remove the residual moisture. 
The properties of SDPP from several countries (Sweden, Denmark, 
Holland, US) all averaged are reported in Table 1. On the other hand, the 
properties of SDPP reported by American Meat Protein Company (AMP) are 
reported in Table 2. 
Protein 
According to AMP (Ames, IA), the protein content of SDPP is 
approximately 70 %. The amino acid profile as reported by several sources 
is showed in Table 3. A comparison with the ideal protein from FAO 
reveal~ that SDPP values are low in valine, isoleucine, phenylalanine, 
tryptophan, methionine and cysteine. Among them, the most serious 
limitation is isoleucine, which is less than half the content of the FAO's 
ideal protein. It is usually the limiting amino acid in blood proteins. 
According with the values given by AMP, threonine, leucine, tyrosine and 
lysine would have a lower percentage in SDPP than in FAO's ideal protein. 
It has been reported by Delaney (1975) that ultrafiltration increases 
the amount of crude protein from 65.1 to 87.5 %, decreasing the content of 
nonprotein nitrogen (NPN) from 7.4 to .9 %. Therefore, the true protein 
(crude protein - NPN) in ultrafiltered plasma is 86.6 vs 57.7 % in the 
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unfiltered plasma. 
Taylor et ale (1970) demonstrated that protein denaturation followed 
a logarithmic relationship with temperature and showed very little 
response to time within a determinate temperature. Delaney (1975) 
reported denaturation values ranging from 11.6 to 34.5 % for inlet 
temperatures of 170.5 and 225.0 °C; those denaturation percentages for the 
temperature at which SDPP is dried were 29.7 and 22.8 % depending on the 
method used to determine it (pH = 4 filtrate or saturated Cl Na filtrate). 
The percentage of available lysine also decreases with increase of 
temperature for spray drying. The values reported by Delaney (1975) range 
from 101.5 to 84 % from temperatures in the inlet ranging from 154 to 
243.2 °C. 
The proteins in the SDPP are albumins, globins and globulins. They 
can be individually separated with different composition as reported by De 
Vuono C. Penteado et ale (1979). 
Donnelly and Delaney (1977) precipitated different fractions by using 
polyethylene glycol and recovering them by gel filtration; a method used 
also with whey and skim milk. The main fractions were identified by 
polyacrylamide gel and cellulose acetate electrophoresis. Three fractions 
were obtained by this method. The first fraction contained alpha 
- . 
globulins, the second fraction contained gamma globulins, albumin and 
other globulins, while the thfrd fraction was mostly albumin, with a 
substantial amount of beta and gamma globulins. 
Howell and Lawri e (1983) separated SDPP by i on exchange 
chromatography, identifying it by electrophoresis in polyacrylamide gel. 
They obtained 20 different peaks, which corresponded to the same number of 
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fractions. The major protein fractions were albumin, fibrinogen, gamma 
globulins (immunoglobulins) alpha and beta globulins. The electrophoretic 
separation indicates that plasma proteins are complex and have different 
characteristics. 
Minerals 
AMP reports an ash content for SDPP of 11 %. The literature values 
for SDPP ash content range from 8.6 % (Young and Lawrie, 1974) to 17 % 
(Delaney, 1975). Intermediate values are those reported by Jobling (1986) 
. and Howell and Lawrie (1983), who reported ash values of 9.6 and 11.8 %. 
Ultrafiltration of liquid plasma lowered the ash content. Delaney (1975) 
reported an ash content of 5 % for ultrafiltered SDPP. 
Delaney (1975), reported lower levels of Na, K, Mg for ultrafiltrated 
plasma than for plasma not ultrafiltered. The values reported for Na were 
3.4 % when ultrafiltrated and 8.2 % for control; for K .13 % 
ultrafiltrated and .28 % control, for P .13 % in both instances and for Ca 
.09 % for both. Mg was reported to be 114 ppm for ultrafiltrated and 140 
ppm in control plasma. 
Blood was reported by Quaglia and Masacci (1982) to have an ash 
content of 9.4 % (anticoagulated with Na citrate). 
Howell and Lawrie (1983) reported a Na percentage (w/v) for dried 
plasma of 5.1, very close to that of bovine plasma 5.0. They also 
reported a citrate content of 4.1 %. 
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Protein quality 
There has been some work done in this area. Some of it was published 
by Donnelly and Delaney (1977), who reported a chemical score for dried 
blood plasma of 49.0, very similar to that reported by Delaney (1975) in 
another study. Delaney (1975) also published an Essential Amino Acid 
Score of 70.1. 
Other properties 
The bacterial count of SDPP and blood by-products has had a good deal 
of attention especially in the research oriented to human consumption. It 
depends greatly on the cleanliness during collection, handling, transport, 
processing and storage. Howell and Lawrie (1983) reported total counts of 
104 microorganisms/g for SDPP. Jobling (1986) reported total bacterial 
counts/g for SDPP ranging from 600 to 7000. The same authors reported 
absence of E. coli in 1 g of sample and values ranging from 100 to 1 
clostridia/g. 
Calcium oxide has been reported to be a useful preservative for blood 
meal, which more likely should apply to SDPP. Patgiri and Arora (1977) 
reported negative microorganism counts of samples treated with calcium 
oxide, when cleanliness in the processing was not very rigorous. 
There has not been much research on the pH of SDPP solutions. Howell 
and Lawrie (1983) reported that the pH of a 6 % solution of SDPP was 8. 
On the other hand, there has been work done in isolating 
immunoglobulins from SDPP; Donnelly and Delaney (1977) reported the 
appearance of three fractions when using gel filtration on SDPP, two of 
the fractions contained gamma globulins. Howell and Lawrie (1983) worked 
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with commercially dried porcine plasma and characterized it with 
electrophoresis, and densitography from elutions with DEAE-Sephadex A-50 
found it to contain five fractions, one of which was was gamma globulins. 
Gatnau et al. (1989) reported that SDPP contains 19's against porcine 
rotavirus and parvovirus. These authors also reported the presence of 19 
G in SDPP. 
Table 1. Composition of SD~pa 
Item 
Moisture 
Crude protein 
Ash 
Bacterial total count/g 
E. coli (1 9 sample) 
Clostridia/g 
8 
% 
7.9 
67.7 
12.0 
3,400.0 
Absent 
< 80.0 
a Average of samples from Holland, Denmark, U.S. and 
Sweden. (Summarized from Jobling, 1986). 
Table 2. SDPP compositiona 
Item 
Moisture 
Crude protein 
Fat 
Ash 
% 
6.0 
70.0 
2.5 
11.0 
a According to American Meat Protein 
Co., Ames, IA. 
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Table 3. Amino acid profile for SDPpa 
Amino acid Delaneyb Grahamc 
Asp 10.1 
Thr 8.5 5.2 4.1 
Ser 6.5 3.9 
Glu 14.0 8.9 
Pro 5.9 4.1 
Gly 3.3 2.4 
Ala 5.1 3.0 
Val 5.8 9.1 4.1 
Ile 3.2 .9 2.0 
Leu 9.2 12.4 5.6 
Tyr 4.7 3.5 
Phe 4.5 7.0 3.7 
Lys 9.4 9.2 6.1 
His 3.2 5.6 2.5 
Arg 5.1 4.8 
Trp 1.3 1.4 1.3 
Met 1.1 1.3 .5 
Cys 2.1 2.2 
a In percentage of protein {not indicated by AMP Co.}. 
b, c, d Summarized from Delaney {1975}, Graham 
{1978} and AMP Co., Ames, IA. 
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Immune System 
The function of the immune system is to pro~ect the body from 
invading external agents that can cause damage to it. Among these agents 
are bacteria, viruses, fungi and parasites. 
The defensive function is accomplished by both the active and the 
passive immune system. The passive or innate immune system, for which 
resistance is not improved by repeated infection, is composed of soluble 
factors like lysozyme, complement, acute phase proteins (interferon) and 
cells such as phagocytes and natural killer cells. On the other hand, the 
active or adaptive immune system, for which resistance is improved by 
repeated infection, is forme~ by soluble factors, which are the 
antibodies. Those molecules are the effectors of the immune response and 
are produced by B-lymphocytes. The cellular component of the active 
immune system is formed by T-lymphocytes, which help B-cells to make 
antibodies, recognize and destroy cells infected with virus, activate 
phagocytes and control immune response. 
The Ig's are the effector molecules of the immune system. They are 
located mainly in the blood and in different corporal secretions such as 
milk, saliva, intestinal mucus and tears. The Ig's are generally located 
in the gamma fraction of plasma electrophoresis. According to Kaneko 
(1989) the gamma 1 or fast moving fraction usually contains Ig A, M and E. 
The slow moving or gamma 2 contains 19 G. The Ig A and M can be found 
also in the slow moving fraction of beta because they'havedimeric and 
pentameric forms, respectively. 
Ig's are glycoproteins made up of two heavy chains (H) and two light 
chains (L). The heavy chains govern the class of Ig, they are: gamma (G), 
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mu (M), alpha (A), epsilon (E), delta (0). The light chains determine the 
type, being either kappa or lambda. These chains are held together by 
inter and intrachain disulfide bonds (Golub, 1987). 
Antibodies have two antigen binding sites. According to Male (1986) 
when Ig's are treated with papain, they render two fragments of equal 
molecular weight, called Fab, for their ability to bind antibody. They 
also render a third fragment, which can bind antigen and crystallizes, 
which is called Fc. The treatment of antibody with pepsin renders a 
single fragment, which contains the two binding sites and several small 
pieces. The region at which both enzymes cleave the Ig molecule is called 
the hinge region. The Ig molecules have T-shaped structure forming 
domains. 
The amino acid sequence of Ig is fairly constant, but it is not in 
particular areas called variable regions, which are approximately 100 
amino acids in length. They are in both the Hand L chains. Within the 
variable region there are parts that are even more variable, called 
hypervariable. They are the antigen-antibody binding sites. 
Each class of Ig's has different structure and different functions. 
Ig G is a monomer consisting of two H gamma chains and two L chains. It 
is the most important Ig in the pig as it is in other species. It is 
quantitatively the most important in pig serum and colostrum. According 
to Porter and Allen (1972) there are at least four different types of Ig G 
. 
in the pig, differentiable antigenically and physicochemically. The two 
main subclasses are Ig G and Ig GZ. Kim et ale (1966) reported the 
existence-of a third subclass of Ig G, which was a macroglobulin 18 S 
antigenically similar to Ig G2. A low molecular weight component in the 
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Ig G class of Ig's was demonstrated in serum of newborn and germ-free pigs 
by Franek and Riha (1964). Ig G is the major Ig in the secondary response 
to most of the antigens. Ig G binds complement and activates the 
classical pathway of complement cascade. It can act also as an opsonin 
and· sensitize target cells for destruction by K cells. Ig M has a 
sedimentation coefficient of 17.8 S (Porter and Kenworthy, 1969). It 
accounts for about 5 % of the total Ig in serum and colostrum. It is a 
pentamer bound together by disulfite bonds, as seen in other species as 
well. It is the first to be produced during the development of the immune 
system and during the development of primary response. It is able to fix 
complement very efficiently. 
The Ig A system has been shown in pig to be similar to that of other 
species. The main role of this Ig is the defense of mucosal surfaces 
(Tomasi, 1967). Ig A in pigs is also found in serum. Ig A has two forms, 
one as a monomer and the other as a dimer. In external secretions Ig A is 
associated with J chain and a secretory component (S) that protects this 
molecule from proteolysis. This molecule is called secretory Ig A (sIg 
A). The secretory component is a polypeptide synthesized by epithelial 
cells, it is attached to Ig A dimer by disulfite bonds. It is 
incorporated to the Ig A-J molecule in its passage through the epithelial 
cells of the mucosa. 
Ig 0 and Ig E have a very low concentration in serum. Ig 0 has been 
demonstrated to exist in pigs and chickens (Gershwin, 1989). It is 
located on the surface of B-lymphocytes acting as a surface receptor. Ig 
E binds to Fc receptors on mast cells and basophils sensitizing them to 
release vasoactive amines after contact with antigen, which cross links 
13 
receptors. It mediates type I hypersensitivity reactions and plays an 
important role in helminth infections. Because of its low concentration 
and lability, Ig 0 would not likely be present in SDPP. Thus, the study 
of this type of Ig goes beyond the scope of this thesis. 
Secretory Immune System 
It is described in three parts. The first one covers the intestinal 
immune system. The second covers the mammary gland and the third part 
covers piglet's immune system. 
Intestinal immune system 
It is known that intestinal colonization with bacteria, viruses, 
parasites and dietary antigens stimulates antibody production by the 
intestine. These are produced by the Gut Associated Lymphoid Tissue 
(GALT), which is part of the Mucosal Associated Lymphoid Tissue (MALT). 
The GALT is responsible for the production of slg A and it includes 
Peyer's Patches, mesenteric lymph nodes, plasma cells and lymphocytes in 
mucosal lamina propria and the inter-epithelial spaces. According to Eade 
and Wright (1977) those cells are sparse at birth, but they increase 
rapidly during the neonatal period. There are in the epithelium the M 
cells, which were first described by Owen (1977). These are cells 
specialized in rapid transepithelial transport of luminal macromolecules 
and microorganisms. It was reported by Weltzin et ale (1989) that luminal 
antigen and microorganisms complexed with slg A could be targeted to M 
cell surfaces and selectively transported to underlaying macrophages and 
lymphoid cells. Subepithelial areas consisting of T and B lymphocytes, 
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mature type Ig A plasma cells, a few Ig G plasma cells and many 
macrophages are formed between the covering epithelium and lymphoid 
follicles (Nagura and Watanale, 1984). 
In the intestinal secretions Ig A is the predominant Ig. Dimeric Ig 
A produced by plasma cells in the lamina propria is transported into 
intestinal secretions via epithelial cells by a secretory component 
dependent mechanism (Strokes, 1988). The function of dimeric Ig A in the 
intestine seems to be essentially passive; some authors have used the term 
"immune exclusion" to describe it (Strokes et al., 1975). Secretory Ig A 
has been well characterized and proved to be resistant to pH and enzyme 
action. Ig A production by the immunocytes in lamina propria seems to be 
due to the stimulation by intestinal microflora (Crabbe et al., 1968). 
Because slg A is ten times more effective than serum Ig A (Porter and 
Allen, 1972) it is possible that secretory component can contribute to 
effectiveness of antibody through stereochemical orientation. 
Mammary gland 
It is the organ responsible for secretion of milk and colostrum. 
Both milk and colostrum contain humoral specific components (Ig's), 
humoral nonspecific components and cellular components. 
The Ig content of sow's colostrum has been well characterized. 
Curtis and Bourne (1971) reported values for Ig content for colostrum at 0 
h after partum a~ follows: Ig G 61.8 mg/ml, Ig G2 40.3 mg/ml, Ig A 9.7 
mg/ml and Ig M 3.19 mg/ml. Those results are in agreement with the ones 
reported by Porter (1969). 
On the other hand, the Ig composition of sow's milk has been also 
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extensively studied. It is known to change in its composition as 
lactation proceeds. Klobasa and Warhan (1987) in an extensive study 
showed how milk Ig's composition varies through lactation. They studied 
the composition from 0 to 42 d. They reported that Ig G concentration is 
95.6 mg/ml at 0 h and decreases to .8 mg/ml at 42 d. Ig A concentration 
at 0 h is 21.1 mg/ml and decreases to 9.4 mg/ml at 42 d. Ig M 
concentration at 0 h is 9.1 mg/ml decreasing to 1.8 mg/ml at 42 d. The 
trends of those results fully agree with those published by Curtis and 
Bourne (1971). In conclusion, the main 19 in sow's colostrum is 19 G, 
whereas Ig A is in milk. 
There are other humoral components of milk, which are nonspecific 
that have anti-infectious properties. Bernard et al. (1983) did an 
excellent review on them. They cited the most important to be: 
lactoferrin, lysozyme, lactoperoxidase-thyocyanate H202 system, 
mucoprotein in fat globules, complement factors, vitamin B12 and folates. 
Colostrum is also known to contain a trypsin inhibitor, which protects 
Ig's from proteolysis. 
The cellular components of milk are important in anti-infections 
protection as well. The piglet ingests daily an average of 500 million 
leucocytary cells (Bernard et al., 1983). The phagocytic activity of milk 
macrophages has been reported by Evans et ale (1982). The role of 
leucocytes in milk secretions was reviewed by Head and Beer (1979). They 
reported that most of the cells in milk are lymphocytes and macrophages. 
They also reported that the principal functions of those cells are 
intestinal phagocytosis (macrophages), 19 production in intestine 
(B-lymphocytes) and control of cell mediated immunity (T-lymphocytes). 
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Piglet immunity 
Newborn piglets are devoid of Ig's at birth (Brambell, 1959; Sterzl 
et al., 1965; Bourne, 1973). This is because they have epitheliochorial 
placentation, which interposes several layers of epithelium between fetal 
and maternal circulation. Therefore, antibodies are barred from 
trespassing (Porter, 1976). Other authors (Curtis and Bourne, 1971) 
stated that there are traces of antigenically related Ig G in the 
presuckled piglet serum. It has also been reported that there are no Ig's 
in the gut of the presuckled piglets (Brown and Bourne, 1976; Butler et 
al., 1981). 
There have been several studies on intestinal cells which produce 
Ig's. Allen and Porter (1973a and b) reported that Ig A, M and G were not 
detectable in the intestine of porcine fetus or newborn colostrum-deprived 
piglets. Using gel filtration chromatography and immunofluorescence, 
these authors reported that they detected secretory component in porcine 
intestinal secretions in the intestine of 80-d-old fetus and newborn 
colostrum-deprived piglets. On the other hand, they reported the 
existence of Ig A complexed with secretory component of neonatal pigs fed 
colostrum from periods of 5 to 36 h in all the intestinal segments that 
they studied, which were duodenum, jejunum and ileum. Allen and Porter 
(1973a and b) also studied by immunofluorescence Ig's cells in intestinal 
mucosa and lymphoid tissue. They reported that Ig A and 19 M containing 
cells were located in duodenum,jejunum and ileum; inter~stingly they 
found higher number of Ig M containing cells than Ig A containing cells. 
They also reported e~stence of both types of cells in Peyer's Patches and 
in lymphoid tissue. They concluded that the greater numbers of 19 M 
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cells could be due to formation of immune response to a great variety of 
antigens in the intestine. The same authors (Allen and Porter, 1977) 
studied the distribution of Ig bearing cells in the piglet intestine using 
immunohistochemical techniques. They reported that cells with cytoplasmic 
Ig M appeared in the lamina propria earlier than those containing either 
Ig A or Ig G. The duodenum was the site with higher content of those 
cells. Ig M cells formed the majority of Ig containing cells of the 
lamina propria of the small intestine in suckling piglets up to 4 wk of 
age. In the weaned animals they reported that Ig M cells gradually 
declined with maturity until pigs were 12 wk old, at which stage of life 
90 % of cells contained Ig A. In the colon the first to appear was Ig A 
and Ig M containing cells at 9 d. But the trend was irregular. Low 
numbers of cells containing Ig G were found. 
Hammerberg et al. (1989) reported that newborn piglets did not have 
generalized T cell deficiency. However, immunodeficiency from birth to 4 
wk was seen in the serum antibody concentration and in response to T cell 
dependent antigen (egg white lysozyme). Rothkotter and Pabst (1989) 
reported that age and microbial contents of the gut increased the size of 
Peyer's Patches, but the number and position of them remains constant. 
The composition of lymphocyte subsets was different between 2-mo-old and 
12-mo-old minipigs. They had more B-lymphocytes and fewer T, CD 4+ and CD 
8+ lymphocytes. Solomon (1971) reported the existence of lymphocytes in 
ileum and thymus of fetuses of 30 to 90 days of gestation. 
Newborn piglets are totally dependent on sow's colostrum and milk, 
both containing Ig's.. Pigs do not absorb those Ig's selectively as it has 
been reported by Bourne (1973) and Klobasa (1981). They reported that the 
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three Ig's (G, A, M) peaked in plasma at the same time, concluding that 
this seems to indicate that there is no selection process. Staley et ale 
(1971) reported that Ig M and Ig G were absorbed with equal efficiency in 
newborn calf. The rate at which Ig's peak in newborn piglet serum has 
great variation, which is due to: sow, litter and piglet effects. There 
has been a considerable amount of work on the absorption of other types of 
proteins. Nonselectivity was reported by Lecce et ale (1961) with protein 
from phylogenically different species, such as chicken and cow. They also 
reported absorption of different types of proteins, such as albumins and 
globulins. They reported that a synthetic compound, 
polyvinylpyrrolidone, was absorbed by the neonatal piglet as well. Payne 
and Marsh (1962) demonstrated absorption of gamma globulins from bovine, 
human and equine serum by newborn piglets. These authors reported also 
that absorption of gamma globulin has a strong positive correlation with 
the amount of Ig ingested, reaching the maximum level when 60 ml of whole 
swine colostrum is ingested by piglets. Leary and Lecce (1979 and 1976) 
reported no differences in intestinal. absorption of porcine Ig G and 
bovine albumin. Leary and Lecce (1979) reported that enterocytes in the 
proximal part of the small intestine transported more of these proteins 
(P<.010) than did those in the distal part. 
The proteins are absorbed by pinocytosis in the enterocytes 
(Broughton and Leece, 1970). Earlier research published by Lecce (1966) 
stated that in vitro gamma globulin uptake by neonatal intestinal 
epithelium occurs within 15 minutes. 
The time at which neonatal piglet's enterocytes no longer absorb 
protein molecules is known as closure, which is somewhat variable within a 
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range of 12 to 36 h post-partum. Several authors have reported different 
times for closure in piglets. Speer (1957) showed that pigs were able to 
absorb detectable amounts of E. coli antibody at 18 h, whereas its ability 
to absorb antibody at 24 h was insignificant. Speer et ale (1959) showed 
that absorption peaked at 12 h and it decreased at 30 h notably, not being 
appreciable beyond this point. Lecce et ale (1961) published that 36 h is 
the period of time during which absorption mechanisms function. Payne and 
Marsh (1962) reported that when piglets were allowed to nurse immediately 
after birth, or were fed modified cow's milk, they showed complete 
cessation of absorption at 12 h postnatally. But they reported absorption 
at 106 h postnatally in pigs fed just water. They were more in favor of 
an "all-or-none" phenomenon. Bourne (1973) reported that Ig plasma peaks 
were obtained at 24 h in piglets. Lecce (1973) reported that he was more 
in favor of understanding closure as a progressive phenomenon that starts 
in duodenum and proceeds caudally in the intestinal tract of piglets. 
Lecce and Matrone (1960) showed that piglets fed sow's milk had 
higher growth and faster development of serum protein profile than piglets 
fed artificial milks. Lecce et ale (1962) showed that piglets not fed 
sow's milk could develop the same serum protein pattern as did those 
nursing sow's colostrum and milk. 
Lecce et ale (1961) in a similar experiment stated that when feeding 
piglets artificial milks, they developed a serum protein profile similar 
to those that received sow's colostrum, thus failing to demonstrate that 
sow's colostrum or milk provides piglets with other factors that help to 
develop the serum protein profile. 
Ullrey et ale (1966) postulated that gut closure is affected by 
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antitrypsin of colostrum, proteinase of digestive juices, histological 
changes in intestine and some other components of colostrum and milk, 
which are heat stable. 
Gardner (1988) postulated that closure is more of a phenomenon caused 
by intracellular developments associated with intestinal maturation, 
rather that paracellular events. This contrasts with the reports of 
authors that support the hypothesis of hormones in luminal content as a 
factor to trigger closure. Svendsen et ale (1986) reported that insulin 
was a key factor, while Baintner (1986) showed some evidence that cortisol 
and other hormones could be involved in closure. 
Research has also been conducted to determine the absorption of 
dietary antigens and the immune responses to them. Wilson et ale (1989) 
studied the absorption of food proteins in piglets. They concluded that 
pigs absorb soya protein and develop antibodies to it up to 10 wk of age 
and at 6 mo piglets no longer absorb these proteins. 
There has been interest in the half-lives of Ig's in the serum of 
newborn pigs. Curtis and Bourne (1973) labelled Ig A, G, M with 125 I and 
compared the half-lives of those Ig's with plasma Ig's. They obtained 
with both methods similar results for Ig A and G half-lives (labelled Ig A 
2.7 d, plasma Ig A 2.5 d; labelled Ig G 9.1 d, and plasma Ig G 10.1 d; 
labelled Ig M 2.8 d and· plasma Ig M 4.8 d). Those values are in 
contradiction with the ones obtained by Paul et ale (1982) in an 
experiment involving passively acquired colostral antibodies against 
porcine parvovirus. They reported a half-life of 21.2 wk. Paul and 
Mengeling (1984) indicated that the persistence of passively acquired 
antibodies to hemoagglutinating encephalomyelitis virus (HEV) had a mean 
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of 10.5 wk. 
Feeding Immunoglobulins to Piglets 
There has been interest in feeding Ig's to piglets because it is 
known that piglets with low or without Ig intake in lactation have a lower 
survival rate. This has been consistently reported in both earlier 
experiments by Perry and Lecce (1968), as well as in recent experiments by 
Varley et al. (1987). The last authors reported that at least 1 h 
suckling the sow is crucial for the piglets' survival. Haye and Kornegay 
(1979) reported reduced antibody response in piglets reared artificially. 
The experiments conducted usually used abattoir derived Ig's 
precipitated with ammonium sulfate, direct lyophilization of serum or even 
whole serum. The most used sources of Ig's were porcine, bovine and 
equine. Another factor taken into consideration was length of time of Ig 
feeding. Some authors went even farther and tried parenteral 
administration. 
Owen et al. (1961) reported no differences between orally and 
parenterally feeding serum 19's derived from abattoir with ammonium 
sulfate. But a significant improvement was seen when feeding piglets with 
Ig's for 5 d as opposed to 1 d. Owen and Bell (1964) reported no effects 
by feeding albumin. They reported no differences when using either 
abattoir or herd-derived Ig's. 
Scoot et al. (1972) reported no survival differences between sow 
reared piglets and piglets fed milk replacers with abbatoir derived Ig's. 
The same authors reported that a positive effect was seen when the 19'5 
were maintained in milk replacers for 21 d and that no effect was seen 
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when unfractioned porcine blood was used as a source of Ig's. 
Mc Callum et al. (1977) reported no differences by using porcine or 
bovine derived Ig's. Two derivation procedures were tested by the same 
authors, which were precipitation and lyophilization and no differences 
were seen between preparation methods. They concluded from their 
experiments that it is possible to raise colostrum deprived neonatal pigs 
in an ordinary swine barn environment and achieve survival rates 
comparable to those achieved under natural conditions through the 
supplementation of milk replacers with gamma-globu;in derived from 
abattoir blood. 
Whiting et al. (1983) fed milk replacers with Ig's to pigs with 
weights lower than .9 kg and reporting a beneficial effect similar to that 
of colostrum, but the feeding of Ig's should continue to at least 21 days 
of age to maximize survival. 
Varley et al. (1986) studied the effects of porcine versus equine 
Ig's to transfer passive protection to colostrum deprived piglets. They 
reported no differences between treatments in scouring, performance and Ig 
G concentration. 
Sources of Protein for Weanling Pigs 
Different sources of protein for early weaned pigs have been and are 
an active area of research. Traditional sources of protein such as 
soybean meal have been compared with less traditional ones. The 
alternatives offered have been: dried whey (Kinder et al., 1949; Becker 
et al., 1957), dried skim milk (Danielson et al., 1960), casein (Manner et 
al., 1961), fish protein (Pond et al., 1971), blood meal, meat and bone 
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meal and finally several treatments of soybean meal. Those sources of 
protein have been used to partially or totally replace soybean meal 
protein with different results. 
Another approach used has been comparing simple diets with soybean 
protein as the only source of protein versus complex diets in which 
soybean protein has been replaced by different sources of protein. Bayley 
and Carlson (1970) reported an alleviation of problems caused by weanling 
when using a complex diet, which is coincident with reports from 
Himmelberg et al. (1985), who showed faster gains, higher consumption and 
improved feed efficiency when using complex diets. Those diets' source of 
protein was made up essentially of milk and fish proteins. However, they 
noted no effect after 38 days of life. 
More recently the interest to compare sources of milk protein with 
soybean meal has been quite high and so were the number of papers 
published in the area. The parameters of comparison have been mainly 
those of performance. But other measurements have been N retention, amino 
acid availability and digestibility and gastric pH. 
Bayley and Holmes (1964) reported higher consumption and growth for 
pigs fed dried skim milk and fish proteins than soybean proteins. 
Pond et al. (1971) when working with pigs from 2 to 21 d noted that 
the performance with isolated soybean protein was inferior to that w·ith 
casein or fish protein. 
Meade et aT. (1972) showed that partial sUbstitution of SBM with 3 % 
fish meal or 10 % dried skim milk supported more efficient gains than SSM. 
alone. Pekas et al. (1964) reported faster and more efficient gains when 
pigs were fed milk proteins, and protein digestibility was higher for milk 
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proteins. This is coincident with work of Hays et ale (1959), although 
they reported no differences after 2 wk of weanling. 
later work became much more precise and looked at the explanations 
for these repeatedly reported facts. Mateo and Veum (1980) when comparing 
casein and isolated soybean meal and adding to those sources of protein 
essential amino acids, reported better performance for the casein diets 
for the period from 1 to 15 days, but for the period from 15 to 29 days 
the performance was not different. On the other hand, ether extract, 
crude protein, energy, ash and dry matter digestibility were greater in 
casein-fed pigs and so were serum levels of protein. The differences 
between the first 2 wk and the last 2 wk were also reported by Walker et 
ale (1986). On a similar study, leibholz (1982) reported lower apparent 
digestibilities of soybean proteins and fish protein than those of milk 
proteins. However, the digestibilities of all diets increased from 7 to 
28 d. 
Asche et ale (1989) reported that apparent N digestibility at the 
distal ileum was high for dried skim milk, intermediate for soybean meal 
and low for corn gluten meal. 
Among other sources reported were soybean meal, dried whey, blood 
meal and meat and bone meal with different chemical treatments. Decuypere 
et ale (1981) reported that soluble soybean isolates had higher 
proteolysis than non soluble soybean protein isolates. Cinq-Mars et ale 
(1986) reported better performance of pigs on whey protein. Interestingly 
this improvement was also seen at high levels of protein (33.7 %). These 
improvements must be attributed to both carbohydrate fraction (lactose) 
and 'protein fraction (lactoalbumin) of dried whey_ 
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Blood and meat and bone meals on the other hand, proved not to be as 
good as the other protein sources for weanling pigs. Fitzpatrick and 
Bayley (1977) noted that weanling pigs fed blood meal did not perform as 
well as those pigs fed soybean meal protein, despite the fact that they 
had similar digestibilities of protein, amino acids and energy. These 
authors suggested that the differences observed might have been due to an 
imbalance in the levels of essential amino acids supplied in the diets 
containing blood meal as a sole source of protein. Parsons et al. (1985) 
reported that when blood meal was included at 3 to 6 % in a corn soybean 
meal it improved N retention. The performance on meat and bone meal as a 
source of protein was reported to be lower that SBM due essentially to the 
lower availability of the essential amino acids (J~rgensen et al., 1984). 
In a series of papers by Wilson and Leibholz (1981) milk proteins 
were compared with soybean proteins for pigs from 7 to 35 d of age. N 
retention increased with time in pigs fed soybean meal protein, whereas it 
did not in milk proteins. Concentration of urea in blood plasma was 
higher in pigs given soybean proteins. Time of retention of digesta did 
not differ between treatments. Apparent digestion of DM in the ileum was 
higher for milk proteins, intermediate for isolated soy protein (ISP) and 
lower for soybean meal (SBM) , but the last two digestibilities increased 
over time as previously mentioned. Neither protein source nor age 
influenced gastric pH values. Apparent and true digestibility of milk 
proteins at 28 days was higher for milk proteins, intermediate for ISP and 
low for SSM. The apparent and true digestibility of amino acids was 
greater for milk proteins. The amino acid composition of the empty body 
of pigs did not vary with age or sources of protein fed. 
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Among the possible causes of these observations are the fact that 
chymotrypsin and trypsin activities in pigs are low in the period from 1 
to 4 wk, but in the period from 4 to 8 wk their activity increases 10 fold 
and 100 fold, respectively. These increases in activities are 
particularly high in the sixth week in the case of trypsin. That could 
possibly be one of the explanations why digestibility of some proteins 
increase at that age. 
activity to the diet. 
However, the pancreas is able to adapt its enzyme 
It has itself two periods of rapid growth, which 
are during the first week of age and the second from 4 to 8 wk. There is 
a excellent review on the topic by Corring et al. (1978). Gastric pH 
could be another of the factor that influences protein digestibilities 
because pig pepsinogens are converted to pepsin at pH optimum of 2. 
Gastric pH for a 4 wk old pig is 5.0 to 5.5; therefore the conversion is 
rather slow. At 56 days that pH is 2.9 to 3.9, very close to the optimal 
pH. According to Leibholz (1985) the decrease in gastric pH between 28 
and 56 days and the increased pancreatic secretion seem to have led to a 
greater hydrolysis of dietary proteins in the stomach and duodenum. Efird 
et al. (1982) reported that intestinal trypsin activity increased at 
weaning, whereas pancreatic protease activity was higher in sow reared 
piglets. 
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PAPER I. SPRAY DRIED PORCINE PLASMA AS A SOURCE 
OF PROTEIN FOR WEANLING PIGS 
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SUMMARY 
Four experiments were conducted to study spray dried porcine plasma 
(SDPP) as a source of protein for"weanling pigs. Thirty-six 4 wk-old pigs 
were used in Experiments 1, 2 and 3 and 96 pigs (overall avg. BW 6.8 kg) 
were used in Experiment 4. Soybean meal (SBM) in a basal corn-soybean 
meal-dried whey diet was substituted at 10 % for other sources of protein 
in the different experiments, which in Exp. 1 were: casein (CAS), meat 
extract (MX), isolated soy protein (ISP) and SDPP; in Exp. 2: dried skim 
milk (DSM), SDPP and basal diet (SBM); in Exp. 3: DSM, SDPP, SDPP and 
spray dried blood meal (SDPP-BM) and spray dried blood meal (BM) and in 
Exp. 4: the same diets than Exp. 3, except basal diet was used instead of 
DSM. Pigs were individually penned except for Exp. 4 in which 12 pens of 
8 pigs each were used. Pigs fed SDPP had a faster (P<.05) ADG for wk 1 
and 2 combined in Exps. 1, 2 and 4. However, ADG was not different 
(P>.05) from CAS-fed pigs (Exp. 1) or SDPP-BM-fed pigs (Exp. 4). For the 
total 4-wk period, SDPP-fed pigs had faster (P<.05) ADG than the other 
dietary treatments only in Exps. 2. Pigs fed SDPP diets had higher 
(P<.05) ADF than pigs on the other dietary treatments in Exp. 1, 2 and 4 
for wk 1 and 2 combined. But for the total 4-wk period ADF for SDPP-fed 
pigs was higher (P<.05) than for pigs fed the other dietary treatments 
only in EXp. 2. Pigs fed SDPP did not have higher (P>.05) gain/feed ratio 
(G/F) than the other dietary treatments in any of the experiments for wk 1 
and 2 combined, except for Exp. 4 in which SDPP-fed pigs had higher 
(P<.05) G/F ratio than did 8M-fed pigs. For the total 4-wk period 
SDPP-fed pigs had lower {P>.05} G/F ratio than CAS-fed pigs in Exp. 2. 
38 
SDPP-fed pigs in EXp. 4 was lower (P<.05) than for the other dietary 
treatments for the total 4-wk period, but it was not different (P<.05) 
than 8M-fed pigs. Scours index was lower (P<.05) for wk 3 and 4 for 
SDPP-fed pigs than for pigs fed the other dietary treatments. In 
conclusion, SDPP-fed pigs had in general higher ADG and ADF than pigs fed 
other dietary treatments for the first 2-wk period and lower scours index 
for the last 2-wk period. 
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INTRODUCTION 
Spray dried porcine plasma (SDPP) is a by-product from the meat 
packing industry. To obtain SDPP, plasma undergoes spray drying (1 to 2 
min at 207 GC). The resulting product is a white, fine-grained powder. 
Delaney (1975), Graham (1978), Howel and Lawrie (1983) and Jobling 
(1986) reported on SDPP composition. Crude protein content ranged from 
65.1 to 70 %, lysine level is 6.1 %, ash ranged from 11.8 to 17 %. Among 
the mineral contents, sodium was the highest (5.1 %) followed by potassium 
(.28 %), phosphorus (.13 %) and calcium (.09 %). 
The microbiological content of SDPP has been reported to be 
acceptable (Jobling, 1986; Howel and Lawrie, 1983). Those studies 
included pathogens such as E. coli and Clostridium species. 
Among the protein sources studied for weanling pigs are dried skim 
milk, fish meal, blood meal, meat and bone meal and single cell protein 
(Tegbe and Zimmerman, 1977; Fitzpatrick and Bayley, 1977; Wilson and 
Leibholz, 1981a, b, c; J~rgensen et al., 1984; Himmelberg et al., 1985; 
Cinq-Mars et al. 1986 and Walker et al., 1986a, b). Generally, weanling 
pigs fed milk or fish proteins had better performance than pigs fed other 
sources, especially for the first 2 wk after weaning. 
The purpose of the experiments reported herein was to compare the 
performance of weanling pigs fed SOPP or conventional sources of protein. 
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MATERIALS AND METHODS 
Four experiments were conducted. Except for Experiment 4, pigs were 
obtained after lactation and were assigned to the different treatments in 
a randomized block design with blocks based on litter and body weight. 
The animals were penned individually in .3 x .9 m wire-floored cages. 
Feed and water were provided ad libitum. Several protein sources were 
compared in a dried whey-corn-soybean basal diet. Food wastage was 
collected on a metal tray located underneath the feeder. Room temperature 
was kept constant at about 24°C with radiant heat supplied under the 
woven-wire floors. Experiments lasted 28 d. Pigs, feeders and waste feed 
were weighted weekly and ADG, ADF and G/F ratio were calculated. 
Experiment 1 
Thirty-six 28-d-old piglets with an average initial weight of 6.4 kg 
were randomly assigned to four dietary treatments (9 pigs/treatment). The 
composition of the experimental diets is reported in Table 1. This 
experiment was designed to compare the performance of weanling pigs fed 
diets supplemented with casein (CAS), isolated soybean protein (ISP)a, 
meat extract (MX)b and SDPpc. 
Experiment 2 
Thirty-six 26-d-old piglets with an average initial weight of 6.6 kg 
aNurish 3000, Protein Technologies International, St. Louis, MO. 
bAP-100, American Meat Protein, Ames, IA. 
cAP-620, American Meat Protein, Ames, IA. 
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were randomly assigned to three dietary treatments (12 piglets/treatment). 
The composition of the diets is reported in Table 2. This experiment was 
designed to compare the performance of piglets fed diets supplemented with 
dried skim milk (OSM), soybean meal and dried whey (SBM), and SOPP and 
dried whey (SOPP). 
Experiment 3 
Thirty-six 2S-d-old piglets with an average initial weight of 7.2 kg 
were randomly assigned to four dietary treatments (9 pigs/treatment). The 
. piglets were fed the diets for the first 2 wk, after which they were 
transferred to a common corn-soybean meal-dried whey diet for the last 2 
wk. The composition of the diets is reported in Table 3. The purpose of 
this experiment was to compare the performance of weanling pigs fed diets 
with simulated DSM (mixture of MX and SDPP), SDPP, SDPP in combination 
with spray dried blood meal (SDPP-BM) and spray dried blood meal (BM). 
The effects of the diets in the pigs transferred to a common diet were 
investigated to study if treatment effects persisted. 
Experiment 4 
.Ninety-six 2S-d-old piglets, with an average initial weight of 7.0 kg 
were allotted to 12 pens (S pigs/pen). Each pen was randomly assigned to 
one of the four dietary treatments (3 pens/treatment) in a randomized 
block design based on litter and body weight. The experimental diets were 
used for the first 2 wk; then piglets were transferred to a common diet 
for an additional 2 wk. The diets were the same as those in Experiment 3, 
except that a dried whey-earn-soybean meal (SBM) was used instead of DSM. 
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Feed and water were provided ad libitum. Diarrhea scores were recorded 
daily for each pen. The scores used were 1=none, 2=infrequent, 
3=occasional, 4=abundant, and 5=very severe. Pigs, feeders and feed 
wastage trays were weighed weekly and ADG, ADF and G/F were calculated. 
The experiment lasted 28 d. Room temperature was kept constant at 24°C. 
The purpose of this experiment was to study the performance of piglets in 
a more practical environment. 
Statistics 
Data were statistically analyzed as a randomized block design by 
using analysis of variance (SAS, 1982). Fisher's least significant 
difference test (Steel and Torrie, 1980) was used to compare means, and 
statistical significance was considered to be at P<.05. 
Diets 
The diets were formulated to meet or exceed NRC (1988) requirements 
for pigs between 5 and 10 kg BW. The nutrient composition for SDPP used 
to formulate the diets is listed in Table 5. Synthetic amino acids were 
added to several of the diets to meet daily requirements. In Experiments 
3 and 4 all the diets (except the control) were formulated to have the 
same percentage of Na. This was done by adding supplemental sodium 
chloride. 
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RESULTS 
The performance data for the four experiments are reported in Tables 
6 through 9. 
In order to make the data more understandable the results and 
discussion are reported for the first 2-wk combined (wk 1 and 2), the last 
2-wk combined (wk 3 and 4) and the overall 4-wk period. 
Experiment 1 
Piglets fed SDPP and CAS had the highest (P<.05) ADG for the first 
2-wk. For the 4-wk overall period, CAS-fed pigs had the fastest gain, but 
it was not different (P>.05) than that of SDPP-fed piglets. On the other 
hand, MX-fed piglets had the slowest (P<.OS) gain for the 4-wk period. 
Feed intake (ADF) for pigs fed SDPP was higher (P<.05) than the other 
groups for the first 2-wk. For the 4-wk period, piglets fed SDPP and CAS 
had higher (P<.05) feed intakes than the other groups. Piglets fed MX had 
the lowest (P<.05) ADF for the 4-wk overall period. MX~fed piglets had 
the lowest (P<.05) ADG and ADF for the 4-wk period, partially because this 
diet was very hygroscopic, which prevented the feed from being available 
at all times, as it was for the other dietary treatments. 
The feed efficiency expressed as a G/F ratio was not different 
(P<.05) among the treatment groups for the first 2-wk. But piglets fed 
CAS and SDPP had the highest (P<.05) G/F for the 4-wk period. 
Experiment 2 
The results for the weight gain for this experiment followed a much 
clearer pattern that did those in the proceeding experiment. 
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SDPP-fed piglets had a faster (P<.05) ADG than the other two groups 
for the first 2-wk and for the 4-wk period. The gain for pigs fed SDPP 
was 81 % higher than it was for SBM-fed piglets and 50 % than it was for 
DSM-fed piglets for the first 2-wk. 
The G/F ratio was not different (P<.05) for the first 2-wk for the 
three dietary treatments. This phenomenon was seen in Experiment 1 as 
well. However, SBM-fed piglets had higher (P<.05) G/F ratio for the 4-wk 
period than did DSM and SDPP-fed piglets. 
Experiment 3 
There were no differences (P<.05) in ADG for the first 2-wk or for 
the 4-wk period among the piglets fed the different dietary treatments. 
DSM-fed piglets had the highest (P<.05) ADG for wk 3 and 4 combined, but 
it was not statistically different (P>.05) from SDPP-fed and BM-fed 
piglets. 
There were no differences (P>.05) in the feed intake among piglets 
fed the four experimental diets for the first 2-wk. Pigle~s fed DSM had 
the highest feed intake for the 4-wk trial, but it was not different 
(P>.05) from SDPP-fed piglets. For wk 3 and 4 combined DSM-fed piglets 
had the highest (P<.05) ADF, but it was not statistically different 
(P>.05) than SDPP-fed or SDPP-BM-fed piglets. 
No treatment differences (P>.05) were seen in G/F in any of the 
periods. 
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Experiment 4 
One of the objectives of this experiment was to replicate as much as 
possible the commercial conditions in which piglets are raised. The 
dietary treatments were the same as those in Experiment 3, except that 
basal diet was used instead of DSM. 
The ADG for SDPP-fed piglets was faster (P<.05) than DSM-fed and 
BM-fed piglets for the first 2-wk. However, no differences (P>.05) were 
seen in ADG for the overall 4-wk period, or for wk 3 and 4 combined. 
The ADF for SDPP-fed piglets was higher (P<.05) than it was for the 
other treatment groups in the first 2-wk. For the overall 4-wk period 
SDPP-BM-fed piglets had the highest ADF, but it was not different (P>.05) 
from SDPP-BM and BM-fed piglets. For wk 3 and 4 combined there were no 
treatment differences (P>.05) among dietary treatments. 
The G/F ratio for SDPP-fed piglets was the highest, but it was not 
different (P>.05) than the G/F ratios of SDPP-BM and DSM-fed piglets. For 
the overall 4-wk period no differences (P>.05) among groups were seen. 
SDPP-BM-fed piglets had the highest (P<.05) G/F ratio for wk 3 and 4 
combined. However, it was not statistically different (P>.05) from 
DSM-fed or BM-fed piglets. 
Finally, SDPP-fed piglets had the lowest (P<.05) scours index for the 
overall period, even though it was not different (P>.05) from BM-fed 
piglets. For wk 3 and 4 combined SOPP-fed piglets had the lowest (P<.05) 
scours index. 
The ADG for SDPP-fed piglets in the first 2-wk was the highest in all 
the experiments. However, only in Experiment 2 was the difference 
significant (P<.05). Also the ADG for SDPP-fed piglets for the overall 4 
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wk was higher (P<.05), only in Experiment 2. 
The ADF for SDPP-fed piglets in the first 2-wk was higher (P<.05) 
than the other treatment groups in Experiments 1, 2 and 4. For the 
overall 4-wk, ADF for SDPP-fed piglets was higher (P<.05) than the other 
groups only in Experiment 2. 
The feed efficiency (G/F) for SDPP-fed piglets in the first 2-wk was 
not higher (P<.05) than the other groups in Experiments 1, 2 and 3. G/F 
for SDPP-fed pigs was higher (P<.05) than for BM-fed piglets in Experiment 
4 only. For the 4-wk period, feed efficiency (G/F) of SDPP-fed piglets 
was lower (P<.05) than CAS and ISP-fed piglets in Experiment 1 and SBM-fed 
piglets in Experiment 2. 
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DISCUSSION 
First of all, the results obtained for all the different sources of 
protein (not SDPP) are essentially in agreement with what has been 
reported in the technical literature. At 4 wk of age the pig's digestive 
system is unable to efficiently digest some proteins, mainly because the 
activities of trypsin and chymotrypsin are not optimal. These pancreatic 
enzymes reach optimal concentrations in the sixth week of life 
(chymotrypsin) and from the sixth to the eighth week (trypsin) as reported 
by Corring et ale (1978). Milk proteins are known to be more efficiently 
digested than soybean proteins and blood proteins for the first 2 wk after 
weaning. In our experiments, pigs fed SDPP had a higher ADF and AOG for 
the first 2 wk than did pigs fed milk proteins, although thereafter there 
was no advantage for SDPP. It is important to notice that some of our 
control groups were piglets fed milk proteins, which are thought to be one 
of the best sources of protein for weanling pigs. Several authors 
reported that when feeding weanling pigs with protein sources such as CAS, 
OSM or OW they had better performance than SBM-fed piglets (Kornegay et 
al., 1974; Wilson and leibholz, 1981a, b, C; Leibholz, 1982; Walker et 
al., 1986a, b and Cinq-Mars, 1986). Walker et ale (1986a, b) reported a 
compensatory growth for weanling pigs fed ISP and SBM when compared with 
CAS-fed piglets. This phenomenon was seen in our experiments as well. 
However, it was not seen in SDPP-fed piglets. Compensatory growth has 
been reported by Zimmerman (1972) in pigs. He discusses whether it is 
practical to achieve maximal growth at early stages of life at a high diet 
cost when- it is achievable later in life at a lower cost. 
It has long been known than SBM proteins are not the optimal source 
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of proteins for piglets weaned at an early age and its utilization has 
been extensively researched (Maner et al. 1961). Wilson and Leibholz 
(1981a) reported a negative effect (P<.05) on growth of increasing levels 
of SBM in early weaning-pigs' diets. The same authors reported better 
performance (P<.OOl) when piglets were fed milk proteins. Cinq-Mars et 
al. (1986) reported a positive effect (P<.05) on performance for the 
addition of whey protein concentrate to pig starter diets. They also 
reported a negative effect (P<.OS) on diarrhea index for the first 2 wk 
after weaning in the whey protein concentrate diets. 
Unfortunately, diarrhea scores were not obtained for all experiments 
in order to verify the results obtained in Experiment 4. Among the 
possible causes of the differences between treatments in scours indexes is 
that SDPP contains functional 19's against porcine rotavirus and 
parvovirus (Gatnau et al., 1989). The scours indexes were lower (P<.OS) 
for SDPP-fed piglets only in the second week and those indexes were more 
similar in 3 and 4 wk, which is probably due to the adaptation of piglets 
digestive system to the source of protein as reported by Efird et al. 
(1982). 
Possible causes for the superior performance of piglets fed SDPP are 
those already seen and reported for milk proteins, such as N availability 
and amino acid digestibilities. The N digestibility for SBM and 1SP were 
lower (P<.OS) than casein and milk proteins (Leibholz, 1982) in the third 
week of life. These data are in agreement with the ones reported by Asche 
et al~ (1989), who reported apparent N digestibilities in proximal and 
distal ileum for DSM of 54.5 and 70.8 %, whereas those for SBM-fed pigs 
were 47.5 and 60.5 %. Walker et al. (1986a, b) reported that apparent 
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fecal N digestibilities for CAS, ISP and SBM were 83, 80.6 and 76.2 % 
detecting a treatment effect at P<.OI level. Wilson and Leibholz (1981b) 
reported similar results as well. The values reported-by those authors 
for apparent and true N digestibility for 28-d-old pigs were, respectively 
.86 and .92 % for pigs fed diets containing milk proteins, .80 and .86 % 
for pigs fed diets containing ISP and .82 and .85 % for pigs fed diets 
containing SBM. 
The amino acid availability of different sources of protein has been 
extensively studied. Wilson and Leibholz (1981c) reported that true and 
apparent digestibility of amino acids were greater when milk proteins were 
fed than when soybean proteins were fed. But those differences decreased 
as pigs became older. These data are in agreement with the data published 
by Walker et al. (1986a, b) in which they reported apparent ileal 
digestibility for essential amino acids in CAS, ISP and SBM of 89.5, 85.8 
and 70.5 %. Fitzpatrick and Bayley (1977) reported apparent essential 
amino acid digestibilities of SBM and BM of 85.7 and 74.8 %. With 
reference to the meat and bone meal, .J~rgensen et al. (1984) reported 
average ileal availabilities of the indispensable amino acids were higher 
for SBM (79.7 %) than for meat and bone meal (71.1 %). 
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TABLE 1. Composition of diets for Experiment 1 
Dietary treatments a 
Ingredients CAS MX ISP SDPP 
------------------- % (as fed) ----------------
Corn 57.10 55.91 56.30 56.24 
Casein 10.00 
Meat extract 10.00 
Isolated soy protein 10.00 
Spray dried porcine plasma 10.00 
Dried whey 20.00 20.00 20.00 20.00 
Soybean meal 8.00 8.00 8.00 8.00 
Soybean oil b 2.00 2.00 2.00 2.00 
Vitamin premix 1.00 1.00 1.00 1.00 
Calcium carbonate .47 .75 .85 .66 
Dicalcium phosphate .81 1.38 1.12 1.48 
Sodium chloride .25 .25 .25 .25 
Trace mineHal premixc .10 .10 .10 .10 
Antibiotic .25 .25 .25 .25 
Ethoxyquin .01 .01 .01 .01 
Tryptophan .02 
DL-methionine .04 
L-lysine'HCl .28 .11 
Choline .01 .01 .01 .01 
Calculated composition 
------------------- % (as fed) --------------
Crude protein 19.40 20.90 20.29 18.87 
Lysine 1.27 1.21 1.20 1.19 
Threonine .93 .77 .86 .94 
Tryptophan .21 .18 .25 .26 
Isoleucine 1.00 .69 .94 .72 
Methionine+Cysteine .68 .61 .77 .71 
Methionine .53 .38 .45 .28 
Calcium .80 .80 .80 .80 
Phosphorus .66 .65 .65 .65 
aAbbreviations for diets: CAS= casein, MX= meat extract, 
ISP= isolated soybean protein, SDPP~ spray dried porcine plasma. 
bSupplied per kg of diet: 4,400 IU vitamin A; 1,100 IU vitamin D ; 
6.6 mg riboflavin; 17.6 mg pantothenic acid; 33 mg niacin; 10 mcg vita~in 
812 , " 
cSupplied in mg/kg of diet: Zn, 200; Fe, 100; Mn, 55; ~u, 10; Co, 1; 
I, 1.5. " 
dSupplied per kg of diet: "lID mg chlortetracycline; 110 mg 
sulfathiazole; 50 mg penicillin. 
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TABLE 2. Composition of diets of Experiment 2 
Dietary treatments a 
Ingredients DSM 
----------------- % 
Corn 53.76 
Dried skim mil k 30.00 
Dried whey 
Spray dried porcine plasma 
Soybean meal 
Soybean oil 
Sodium chloride 
Trace mineral eremixb 
Vitamin premix 
Calcium carbonate 
Dicalcium phosphate 
L-lysine'HCL 
DL-methion~ne 
Antibiotic 
Ethoxyquin 
Calculated analysis 
Crude protein 
Lysine 
Methionine -
Tryptophan 
Methionine+Cysteine 
Calcium 
Phosphorus 
11.30 
2.00 
.25 
.10 
1.00 
.63 
.65 
.30 
.01 
------------------ % 
19.88 
1.25 
.45 
.26 
.79 
.80 
.65 
SDPP 
(as fed) 
53.66 
20.00 
10.00 
10.40 
2.00 
.25 
.10 
1.00 
.68 
1.46 
.14 
.30 
.01 
(as fed) 
18.90 
1.25 
.40 
.28 
.70 
.80 
.65 
SBM 
-----------------
49.16 
20.00 
24.90 
2.00 
.25 
.10 
1.00 
.82 
1.08 
.28 
.10 
.30 
.01 
19.20 
1. 25 
.40 
.29 
.77 
.80 
.65 
aAbbreviations for diets: DSM= dried skim milk; SDPP= dried whey and 
spray dried porcine plasma; SBM= soybean meal. 
bSupplied in mg/kg- of diet: Zn, 200; Fe, 100; Mn, 55; Cu, 10; Co, 1; 
I, 1.5. 
cSupplied per kg of diet: 4,400 IU vitamin A; 1,100 IU vitamin D ; 
6.6 mg riboflavin; 17.6 mg pantothenic acid; 33 mg niacin; 10 mcg vita~in 
B12 • 
dSupplied per mg of diet: 110 mg cholotetracycline; 110 mg 
sulfathiazole; 50 mg penicillin. 
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TABLE 3. Composition of diets for Experiment 3 
Dietary treatments a 
Ingredients DSM SDPP SDPP-BM BM Wk 3+4 
----------------- % (as fed) --------------
Corn 53.81 53.71 54.40 55.10 47.21 
Dried skim milk 30.00 
SDPP 10.00 5.00 
Blood meal 3.77 7.50 
Dried whey 20.00 20.00 20.00 20.00 
Soybean meal 11.30 10.40 10.40 10.40 27.00 
Soybean oil 2.00 2.00 2.00 2.00 2.00 
Sodium chloride .25 .25 .80 1.38 .50 
Trace mineral eremixb .10 .10 .10 .10 .10 
Vitamin premix 1.00 1.00 1.00 1.00 1.00 
Calcium carbonate .63 .68 .68 .68 .84 
Dicalcium phosphate .65 1.46 1.46 1.46 1.00 
DL-methion~ne .14 .13 .12 
Antibiotic .25 .25 .25 .25 .25 
Ethoxyquin .01 .01 .01 .01 .10 
Calculated analysis 
----------------- % (as fed) ---------------
Crude protein 19.90 18.86 18.91 18.97 19.10 
Lysine 1.20 1.25 1.27 1.29 1.14 
Methionine .46 .40 .40 .41 .31 
Tryptophan .25 .28 .25 .23 .26 
Threonine .89 .98 .91 .84 .86 
Isoleucine 1.10 .76 .69 .62 .90 
Methionine+Cysteine .79 .74 .68 .62 .67 
Calcium .81 .81 .81 .83 .80 
Phosphorus .65 .65 .66 .66 .65 
Sodium .28 .85 .84 .86 .43 
aAbbreviations for diets: DSM= dried skim milk; SDPP= spray dried 
porcine plasma; SDPP-BM= spray dried porcine plasma and blood meal; 8M= 
blood meal. 
bSupplied in mg/kg of diet: Zn, 200; Fe, 100; Mn, 55; Cu, 10; Co, 1; 
I, 1.5. 
cSupplied per kg of diet: 4,400 IU vitamin A; 1,100 IU vitamin D2 ; 6.6 9 riboflavin; 17.6 mg pantothenic acid; 33 mg niacin; 10 mcg vitamTn 
B12 · 
dSupplied per kg of diet: 110 mg chlortetracycline; 110 mg 
sulfathiazole; 50 mg penicillin. 
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TABLE 4. Composition of diets for Experiment 4 
_______________ ~i~~~rl_~r~~~~~~~~: _________________ 
Ingredients 
Corn 
SDPP 
Blood meal 
Soybean meal 
Dried whey 
Soybean oil 
Sodium chloride b 
Trace mineral eremix 
Vitamin premix 
Calcium carbonate 
Dicalcium phosphate 
Antibiotic 
L-1ysine'HC1 
DL-methionine 
Ethoxyquin 
Calculated analysis 
Crude protein 
Lysine 
Methionine 
Tryptophan 
Threonine 
Isoleucine 
Methionine+Cysteine 
Calcium 
Phosphorus 
Sodium 
Control SDPP 
----------------- % 
45.99 53.71 
10.00 
27.00 10.40 
20.00 20.00 
2.00 2.00 
1.55 .25 
.10 .10 
1.00 1.00 
.84 .68 
1.03 1.46 
.25 .25 
.14 
.09 .14 
.01 .01 
---------------- % 
19.26 18.86 
1.28 1.25 
.34 .40 
.25 .28 
.86 .98 
.89 .76 
.66 .74 
.78 .81 
.64 .65 
.89 .85 
SDPP-BM BM Wk 3+4 
(as fed) --------------
54.41 55.07 47.27 
5.00 
3.76 7.53 
10.40 10.40 27.00 
20.00 20.00 20.00 
2.00 2.00 2.00 
.80 1.38 .50 
.10 .10 .10 
1.00 1.00 1.00 
.68 .68 .84 
1.46 1.46 1.03 
.25 .25 .25 
.13 .12 
.01 .01 .01 
(as fed) ----------------
18.91 18.97 19.11 
1.27 1.29 1.14 
.40 .41 .31 
.25 .23 .26 
.91 .84 .86 
.69 .62 .67 
.68 .62 .90 
.81 .83 .80 
.66 .66 .65 
.84 .86 .43 
aAbbreviations for diets: SDPP= spray dried porcine plasma; SDPP-BM= 
spray dried porcine plasma and spray dried blood meal; 8M= spray dried 
blood meal. 
1.5. 
bSupp1ied in mg/kg diet: Zn, 200; Fe, 100; Mn, 55; Cu, 10; Co, 1; I, 
cSupp1ied per kg of diet: 4,400 IU vitamin A; 1,100 IU vitamin D ; 
6.6 9 riboflavin; 17.6 mg pantothenic acid; 33 mg niacin; 10 mcg vitam'n 
B12 · 
dSupplied per kg diet: 110 mg chlortetracycline; 110 mg 
sulfathiazole; 50 mg penicillin. 
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TABLE 5. Composition of spray dried porcine plasma 
Item % 
Metabolizable energy, kcal/kg 
Crude protein 
Calcium 
Phosphorus 
Lysine 
Threonine 
Tryptophan 
Isoleucine 
Methionine + Cystine 
Methionine 
Sodium 
2980.00 
70.00 
.14 
.13 
6.10 
4.13 
1.33 
1.96 
3.00 
.50 
5.10 
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TABLE 6. Effects of dietary treatments on pig performance of Experiment 1 
Week 
0-2 
0-4 
0-2 
0-4 
0-2 
0-4 
Dietary treatments l 
CAS MX ISP SDPP 
Avg daily gain, 9 ------------
139b 153b 261 a 
249c 354b 371 ab 
------------- Avg daily feed, g ------------
292b 213c 204c 350a 
571a 415c 486b 59Sa 
------------- Gain/feed, g/kg ------------
68Sb 607 
681a 
729 
749b 629 
CV2, % 
28 
11 
21 
14 
25 
10 
1Abbreviation for dietary treatments: CAS= casein; MX= meat extract; 
ISP= isolated soy protein; SDPP= spray dried porcine plasma. 
2CV= Coefficient of variation. 
a,b,cMeans within a row with different superscript differ (P<.OS). 
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TABLE 7. Effects of dietary treatments on pig performance of Experiment 2 
Week 
0-2 
0-4 
0-2 
0-4 
0-2 
0-4 
SBM 
Dietary treatments! 
DSM 
Avg daily gain, 9 
230b 
367b 
---------- Avg daily feed, 9 
267b 300b 
507b 532b 
SDPP 
---------- Gain/feed, g/kg ---------
754b 688 
CV, % 
26 
15 
20 
13 
18 
6 
lAbbreviations for diets: SBM= soybean meal, DSM= dried skim milk, 
SDPP= spray dried porcine plasma. 
a,bMeans within a row with different superscript differ (P<.05). 
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TABLE 8. Effects of dietary treatment on pigs performance of Experiment 3 
Week 
0-2 
0-4 
3-4 
0-2 
0-4 
3-4 
0-2 
0-4 
3-4 
Dietary Treatments1 
DSM SDPP SOBP-BM 
------------- Avg daily gain, 9 
243 284 279 
380a 517 371ab 458 
364b 
450 
------------- Avg daily feed, 9 
370a 36Sab 348b 570. 534ab S09ab 771 a 703 693 
------------- Gain/feed, g/kg 
655 777 809 
666 694 722 
672 649 677 
BM CV, % 
----------
244 22 
360ab 12 475 14 
----------
321b 17 
507b 12 669 12 
----------
754 16 
711 6 
690 9 
lAbbreviations for diets: DSM= dried skim milk; SDPP= spray dried 
porcine plasma; SDPP-BM= spray dried porcine plasma and blood meal; BM= 
blood meal. 
a,bMeans within a row with different superscript differ (P<.05). 
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TABLE 9. Effects of dietary treatments on pig performance of Experiment 4 
Dietary treatments l 
Week Control . SDPP SDPP-BM BM CV, % 
0-2 
0-4 
3-4 
0-2 
0-4 
3-4 
0-2 
0-4 
3-4 
0-2 
0-4 
3-4 
----------- Avg daily gain, 9 ------------
63bc 127a 97ab 58c 
240 268 247 236 
405 400 400 413 
----------- Avg daily feed, 9 ------------
119c 209a b 130cb 
333b 409a 
165ab 342ab 348 
210 202 168 226 
----------- Gain/feed, g/kg ------------
541 ab 606a 602a 422b 
719ab 726 
652b 
644 
711a 
746 
686ab 742 
----------- Scours index2 ------------
a b 2.6:b b 2.9a 1.9b 2.2ab 1.9b 1.3c 1.8a 1.5b 1.4 1.3 1.6 1.5 
20 
9 
8 
14 
10 
22 
15 
5 
7 
13 
9 
5 
lAbbreviations for diets: DSM= dried skim milk; SDPP= spray dried 
porcine plasma; SDPP-BM= spray dried porcine plasma and spray dried blood 
meal; BM= spray dried blood meal. 
2Index: l=none, 2=infrequent, 3=occasional, 4=abundant, 5=very 
severe. 
a,b,cMeans within a row with different superscfi~t differ (P<.05). 
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PAPER II. SPRAY DRIED PORCINE PLASMA AS A SOURCE OF 
IMMUNOGLOBULINS FOR NEWBORN PIGLETS 
62 
SUMMARY 
The presence of immunoglobulins (Ig's) in spray dried porcine plasma 
(SOPP) was determined by Ouchterlony gel diffusion (OGO), 
hemoagglutination inhibition (HI) and enzyme-linked immunoabsorbant assay 
(ELISA). Two experiments were conducted to investigate if those Ig's were 
absorbed from the intestinal lumen to the blood stream in neonatal pigs. 
In Exp. 1, 12 colostrum-free newborn piglets were penned individually and 
assigned to 2 treatments: 1) Control, milk replacer (20 %) with water and 
2) SOPP, milk replacer (10 %) and SOPP (10 %) with water. Pigs were fed 
by stomach tube hourly (8 h), were fasted (6 h), fed hourly (4 h) and 
transferred to a common milk replacer, which was fed 4 times a day (0800, 
1200, 1800, 2200). The experiment lasted 7 d. Piglets were bled at 24 h, 
serum was obtained and OGO, HI and ELISA assays were conducted on serum 
samples. SOPP-fed piglets showed presence of Ig G in serum (control pigs 
did not), had higher (P<.OOOI) titers of Ig's against porcine parvovirus 
and higher (P<.0008) absorbance for Ig's against porcine rotavirus than 
did control pigs. There were no differences (P>.10) in days alive between 
treatments. In Exp. 2, 157 newborn piglets from 15 sows were assigned to 
2 treatments: 1) SOPP, piglets received two 7.5-ml oral feedings of a 200 
mg/ml suspension of SOPP in water between 12 and 36 h of life and at 8 h 
intervals and 2) Control, pigs did not receive any supplement. Pigs were 
allowed to nurse the sows at all the times. SDPP-fed pigs were bled 
between 36 and 48 h of age and HI and ELISA assays were conducted on serum 
samples. There were no differences (P>.05) between the treatments in AOG 
wk 1, wk 3, wk 0-3 and days alive. However, the control piglets had 
higher (P<.05) AOG in wk 2 than the SDPP-fed pigs. Ig concentrations 
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against porcine parvovirus and porcine rotavirus were not different 
(P>.OS) between treatments. 
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INTRODUCTION 
Spray dried porcine plasma (SDPP) is a by-product from the meat 
packing industry which is obtained from blood. Once blood is collected, 
it is refrigerated at - 4 °C and an anticoagulant is added. The cell 
fraction is removed from plasma by centrifugation. Then the plasma 
undergoes spray drying, which consists of preheating (25 min at 32 GC), 
spray drying (I to 2 min at 207 GC) and moisture removal (I to 2 min at 93 
DC). The resulting product is a white fine-ground powder. 
There has been a considerable amount of research on blood plasma as a 
foodstuff for human consumption {Young and Lawrie, 1974; Delaney, 1975}. 
One of the characteristics of SDPP is its content of immunoglobulins 
(lg's), reported by Donelly and Delaney (1977), Howell and Lawrie (1983) 
and Gatnau et ale (1989). 
Newborn pigs have been fed with Ig's in order to increase their 
survival rate, generally with positive results (Mc Callum et al., 1977; 
Whiting et al., 1983; Varley et al., 1986; De Gregorio and Barr, 1989). 
The objectives of the experiments conducted were to investigate if 
SDPP contained Ig's and if those Ig's were absorbed from the intestinal 
lumen to the blood stream of newborn piglets. Finally, the effects of 
SDPP as a supplement in a milk replacer or fed orally to suckling pigs 
were studied. 
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MATERIALS AND METHODS 
SDPP Ig Analysis 
Three immunological tests were conducted on SDPP to investigate if it 
contained functional Ig's. 
1. Ouchterlonv gel diffusion (OGD) 
SDPP plasma samples were assayed by a one-dimensional double 
diffusion test (Ouchterlony, 1964) conducted on agarose gel. Five ml of 
agarose ME~ at .8 % concentration in .02 M borate buffer (pH=8.6) were 
added to Petri dishes. Four mm diameter wells were cut in the agar with a 
cutter and template kit. The pattern consisted of a central well and six 
surrounding wells. Distance between central well and peripheral wells was 
4 mm. SDPP was diluted in both deionized water and in borate buffer. Ten 
SDPP samples from different locations in the Midwest were analyzed. The 
concentration used was 2.5 mg/ml, which was the one that worked best. 
Samples were vortexed in order to get the SDPP into solution. Ten ul 
aliquots of those solutions were used in each of the peripheral wells. 
Ten ml of rabbit anti-porcine Ig G (heavy and light chain)b was used in 
the central well as antigen to react with the antibodies in SDPP 
dilutions. A pig serum with antibodies against porcine rotavirus was used 
as a positive control. The immunodiffusion dishes were incubated for 48 h 
at 22°C in a moisture chamber, read in a reading chamber and 
aFMC Bioproducts, Rockland, ME. 
bCappe"l Laboratori es, Cochranv ill e, PA. 
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photographed. All the OGD tests were conducted in duplicate. 
2. Hemagglutionation inhibition (HI) 
Source of erythrocytes Guinea pig (GP) blood was obtained by 
intracardiac puncture of an animal anesthetized with acepromazine and 
ketamine. Blood was obtained and mixed with equal volume of Alsever's 
solution. The suspension was gently mixed and centrifuged for 10 min at 
2,000 rpm. The supernatant and buffy coat were discarded and red cell 
layer was resuspended in 0.01 M phosphate buffered saline, pH=7.4 (PBS). 
The cell suspension was centrifuged as described before. The procedure 
(supernatant discarding, PBS addition, mixing and centrifugation) was 
repeated two more times. Finally, the supernatant was discarded and RBC's 
were resuspended in PBS in equal volumes to make a 50 % erythrocyte 
suspension. From this initial suspension a 0.5 % suspension was obtained 
by adding 2 ml of the 50 % PBS-RBC suspension to 200 ml of PBS. The 
suspensions were not used for a period longer than a week, after which new 
RBCs were obtained. 
Hemagglutination unit determination It was calculated in order to 
determine the virus dilution to be used in the HI test, which must be 0.25 
HA units/ml. It was obtained by making sequential dilutions of 50 ul of 
porcine parvovirus in 50 ul of PBS in a 96 well conic bottom microtiter 
plate (Immulon)a. Fifty ul of the 0.5 % solution of RBC-PBS was added to 
each of the wells in order to obtain a titer. The titer was the last well 
with agglutination. Two controls were used, a negative control, which 
aDynatech Laboratories, Chantilly, VA. 
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consisted of 50 ul of PBS and 50 ul of 0.5 % PBS-RBC in a well and a 
positive control, which was the same as used in the negative plus 50 ul of 
the working virus solution. The readings were done at 2 h in a microtiter 
reading chamber. 
Hemagglutination inhibition Three SOPP concentrations (1, 20, 50 
mg/ml) were assayed. Three hundred ul of each concentration sample were 
transferred to snap cap tubes and heat inactivated in a 56 DC water bath 
for 30 min. Twenty-five ul aliquots of each concentration sample were 
adsorbed at room temperature for 30 min with 20 mg of kaolin and 25 ul of 
50 % RBC-PBS solution. The solutions were centrifuged in a refrigerated 
microcentrifuge at 1,500 rpm for 2.5 min. The supernatant was recovered 
and was the starting material used to make sequential dilutions in a 96 
well conical bottom microtiter plate. The serial dilutions were made by 
starting with 25 ul of supernatant and mixing it in successive wells with 
25 ul of PBS. Twenty-five ul of 1/16 dilution of porcine parvovirus (4 
HA units/ml) were added to each well and gently mixed. Fifty ul of 0.5 % 
erythrocyte suspension was added to each well. Two controls were used as 
described in HA unit determination, but in this case the virus dilution 
used was 1/16 instead of the original one. The readings were done after 2 
h in a microtiter reading chamber. 
Enzyme linked immuno-absorbant assay-(ELISAl The objective of 
this test was to determine the existence of Ig's against porcine rotavirus 
(ISU-65) in SOPP. It was conducted in a 96 well, flat bottom microtiter 
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plate (Immulon)a. The plates were coated with 4,000 and 8,000 dilutions 
of porcine rotavirus in ELISA coating buffer (pH=9.6) (Appendix III) and 
incubated overnight at 4°C. The plate was washed three times with 
PBS-Tween (Appendix III) using a microplate washer machineb (Model EL40l) 
and blocked by adding 200 ul of PBS-Tween-l% BSA (Appendix III) to each 
well. It was incubated at 37°C for 1 h and washed three times. Three 
dilutions of SDPP in PBS-Tween-l% BSA were made (100, 500, 1,000) and four 
100-ul aliquots of each of the dilutions were added to four wells. They 
were incubated for 2 h at 37°C and afterwards washed three times as 
described. One hundred ul of peroxidase conjugated secondary antibodyC 
(dilution: 1,000) were added to each well and the plates were incubated 
at 37°C for 1 h and afterwards washed as described. One hundred ul of a 
chromogen substrate (Appendix III) were added to all wells. The plates 
were shook for 30 min and absorbance at 405 nm was read with an ELISA 
automated reader (Model EL310)b at 405 nm wavelength. Four controls were 
used, which were: PBS, conjugate (no addition of peroxidase conjugate 
antibody), serum from a pig with antibodies against porcine rotavirus and 
finally, serum from a gnotobiotic pig (no Ig's). Each control had four 
replicates. 
aDynatech laboratories, Chantilly, VA. 
bBio-Tek Instruments, Winooski, VT. 
cC~ppel laboratories, Cochranville, PA. 
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Experiment 1 
The purpose of this experiment was to investigate if the Ig's in SOPP 
could be functional in the intestinal lumen of piglets and if they could 
be absorbed from the intestinal lumen to the blood stream before closure 
occurred. 
Twelve piglets were obtained from two sows immediately after birth. 
Those sows received 2 ml of PGF.2 alpha (LUTALISE)a to synchronize their 
partums. Piglets were not allowed to nurse their dams. Piglets were 
randomly assigned in a completely randomized design. to two treatments (6 
pigs/treatment), which were different formulas of milk replacers. They 
were: 1) control diet, consisted of a milk replacer based on dried skim 
milk (Table 1), diluted to 20 % (w/v) in water. 2) SOPP diet, which 
consisted of the same milk replacer plus SOPP, included each at 10 % (w/v) 
in water. 
Piglets were individually allotted to wire cages with plastic feed 
pans. Room temperature was kept at 30°C. Additional heat was provided 
by lamps above the cages. The experiment duration was 7 d. 
Piglets were fed by stomach tube every hour for 8 h after being 
removed from the dams. The amount of milk that the piglets received 
ranged from 5 to 20 ml. After the feedings, they were fasted for 6 h, 
·after which they were fed by stomach tube hourly four more times. -After 
these feedings, all the piglets received the same diet, which was the 
control milk replacer. They were fed to appetite four times a day (0800, 
1200, 1700, 2200 h). The amounts of milk replacer received ranged from 25 
aUpjohn laboratories, Kalamazoo, MI. 
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to 120 ml per feeding. 
Blood samples were obtained from an orbital sinus at 24 h 
post-partum. Serum was obtained and frozen until analyzed. The 
immunological tests conducted on serum samples were those described for 
SDPP, except for ELISA, which had some differences. First of all, porcine 
rotavirus (ISU-65) was obtained from a cell culture. The cells were from 
monkey kidney (MA-I04). The virus culture was thawed and frozen three 
consecutive times in order to release the virus from the cells. The 
thawed solution was centrifuged at 10,000 rpm for 20 min in a refrigerated 
superspeed centrifuge {Sorvall)a. The supernatant, where the virus was 
located, was collected on a 15 % sucrose solution and ultracentrifuged 
(Model L265B)b at 25,000 rpm for 4 h. The supernatant was discarded. The 
pellet, which contained the virus, was resuspended in 1/100 volume of PBS. 
The virus solution was standardized by conducting an ELISA identical 
to the one already described, but using as primary antigen several 
dilutions of the virus and cells: The secondary antibody (peroxidase 
conjugated Ig G whole molecule rabbit anti swine)c was used in different 
dilutions as well. The cells in which the virus was grown were included 
to test that a minimal amount of it was left in them. The virus and 
secondary antibody dilutions giving the best absorbance were 1,000 and 
200, respectively. Therefore, these dilutions were the ones used with the 
pig's serum samples. The ELISA test conducted with the serum samples was 
aDu Pont Instruments, Norwall, CT. 
bBeckman Instruments, Palo Alto, CA. 
CSigma Chemical, St. Louis, MO. 
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identical to the one described before but the dilutions of rotavirus, 
secondary antibody and serum samples were 1000, 200 and 50, respectively. 
Several controls were used in those ELISAs, which were: PBS control, 
serum control (no serum added), secondary antibody control (no secondary 
antibody added), positive serum at 50 dilution. Each sample was tested in 
triplicate and means were obtained. 
The exponents of titers and absorbances were statistically analyzed 
as a completely randomized design by using the General Linear Model (GLM) 
procedure of SAS (1982). Since aGO is a qualitative test no statistical 
analysis was conducted on those results. 
Experiment 2 
The purposes of this experiment were to investigate if SDPP could 
provide supplemental 19's to lactating piglets that had already ingested 
colostrum and were nursing their dam and if supplementation had a positive 
effect on performance. 
One hundred and fifty-seven piglets from 15 litters were randomly 
assigned to two treatments from weight outcome groups within litters in a 
Randomized Block Design (RBD). Pigs in SDPP treatments were given two 
7.S-ml oral feedings of 200 mg/ml (w/v) suspension of SDPP in water at 8 h 
intervals. Pigs were supplemental-fed between 12 and 24 h postpartum, so 
on the one hand they had time to consume colostrum and on the other hand, 
closure had not occurred yet. Pigs in the control group did not receive 
the supplement. The piglets were allowed to nurse their dams at all 
times. They were housed in farrowing crates with woven wire floors. Heat 
was provided by heat pads on the floor. Piglets were weighed at birth and 
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weekly thereafter. The experiment lasted 3 wks. Piglets were bled by 
orbital sinus puncture between 36 and 48 h of age. This time was chosen 
because it was after closure and not too late to investigate differences 
between Ig concentrations. Serum was obtained and frozen until analyzed. 
HI and ELISA tests were conducted on serum samples as indicated in the 
proceeding experiment. Because the piglets had ingested colostrum and 
milk containing Ig's, the OGO test, which is qualitative, was not 
conducted. 
The results were statistically analyzed as a RBD by using the General 
Linear Model (GLM) procedure of SAS (1982) and using treatment x sow as 
the error term. In this experiment, the titers for porcine parvovirus 
were analyzed as a exponent of the titer. 
Ouchterlony gel diffusion 
73 
RESULTS AND DISCUSSION 
SDPP Ig Analysis 
In all the tests, precipitation lines were formed. They appeared 
very well defined and very close to the central well. When larger 
distances between the central well and the peripheral ones were used, the 
bands became very diffused and almost invisible. From these results, we 
concluded that SDPP contains functional Ig G's, which are the Ig's in 
highest concentration in porcine plasma (Bourne, 1973; Porter and Allen, 
1972). The positive controls had precipitation lines as well, but they 
were not as strong as the bands for the SDPP samples. 
Hemagglutination 
The titer for-HA was 128. Thus, the virus dilution used for HI was 
32, which contained 4 HA units/O.25 ml solution. This value was obtained 
by taking the last positive dilution (128) as having 1 HA unit/O.5 ml. 
Therefore, a 32 dilution had 4 HA units/O.25 ml. 
Hemagglutination Inhibition 
The results for different concentrations of SDPP, given as a exponent 
of the titer are reported in Table 2. These results indicate the presence 
of functional antibodie$ against porcine parvovirus. - As expected, the 
higher the concentration of SDPP the higher the titer obtained, which 
indicates that they are evenly distributed in the foodstuff. 
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ELISA 
The results for this test are reported in Table 3. They indicate 
that SDPP contains functional Ig's against porcine rotavirus. The results 
indicate that the negative controls; tbat is, gnotobiotic pig serum, 
buffer and conjugate controls did not have background absorbance. The 
positive control (pig's serum with antibodies against rotavirus) had a 
positive absorbance with both rotavirus dilutions, indicating the 
functionality of this test. However, the absorbance for SDPP dilutions 
was much higher than the one for positive serums and they have the same 
concentration. The absorbance for SDPP at 500 dilution is highest at 
highest dilution of rotavirus (8,000). This result might have been caused 
by not having reached the equivalence point. In other words, beyond this 
point Ag and Ab are in excess and less reaction is achieved (Riott, 1988). 
The results of these tests are in accordance with what has been 
published by Donnelly and Delaney (1977) and Howell and Lawrie (1983), who 
reported the presence of Ig's in SDPP. 
Experiment 1 
The results for serum samples for the three tests are reported in 
Table 4. Because OGD is a qualitative test no statistical results were 
obtained. In this test all the serum samples from piglets fed SDPP had 
precipitation lines, whereas piglets on the control diet did not have any 
precipitation lines. The exponent of titers and absorbances for piglets 
SDPP fed were higher (P<.0008 and P<.OOOl) than the. control group. 
Therefore, we can conclude that the Ig's from SDPP were absorbed from 
intestinal lumen to blood stream. 
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The number of days alive for the piglets in each of the treatments 
was not different (P<.05), even though piglets fed SDPP lived longer (5.17 
vs 4.17 d). The survival percentage (Table 5) for the overall period was 
17 % for both groups. However, the trends for both treatment groups were 
somewhat different. The control group survival decreased regularly each 
day on the experiment, whereas for SDPP fed piglets it was 83 % until the 
fifth day. It decreased to 17 % in just 2 d. The low survival in piglets 
without colostrum is very common. Varley et al. (1987) reported that the 
survival of piglets on milk replacers without having colostrum and not 
being fed Ig's was 12.S % at 2 wks and 0 % at 6 wks, when raised in an 
incubator. 
In conclusion, the Ig's in SDPP were absorbed from intestinal lumen 
to blood. However, the amount absorbed in our experiment was not enough 
to enhance survival rates, even though a trend for being alive longer was 
seen. 
Experiment 2 
The results for Experiment 2 are reported in Table 6. There were no 
differences (P<.OS) between treatments in ADGl, ADG3, ADG03 and days 
alive. However, there were differences (P<.OS) in ADG2. The control 
piglets had the highest (P<.OS) ADG2. The means for the different 
variables (ADG's and days alive) were higher for the control group. 
Possibly, this response was due to the feeding of the treatment pigs, 
which might have caused them considerable stress that was not suffered by 
the control group. Perhaps we should have fed the control group with a 
placebo treatment such as water. 
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, 
The immunoglobulin levels against parvovirus and rotavirus were not 
different (P<.05) between treatments, which was expected because piglets 
received colostrum and milk at all times. Therefore, the two SOPP 
feedings were insufficient to raise the Ig's levels significantly. 
The concentration of Ig's against porcine rotavirus and parvovirus in 
SOPP was not high enough to be used as an Ig supplement. An interesting 
area to study would be adding SOPP in milk replacers and comparing 
performance of pigs with other sources of protein such as milk proteins. 
There has been a considerable amount of research done in feeding 
immunoglobulins (derived from serum) to newborn piglets. It would 
probably not be practical to use SOPP with the sole purpose of providing 
Ig's, since they can be derived from serum. Another application of this 
foodstuff would be to use it as a source of protein and Ig's for weanling 
pigs. 
The results from Experiments 1 and 2 are in agreement with the data 
reported by Owen et al. (1961) in which they found no effect on survival 
of aId administration of Ig's but a positive effect was seen when the 
administration of Ig's continued for 5 d. In Experiment 1 mortality 
increased within the period of ingestion of SOPP; this fact might be due 
to the administration of the SOPP, instead of isolated Ig's. Owen and 
Bell (1964) reported that oral administration of Ig's provided effective 
passive immunity when administered for 10 d. They also reported that part 
of this effect could" be due to the action of Ig's in the intestinal tract, 
which in my opinion is the area in which SOPP should be researched either 
as a component of milk replacers or starter diets. The addition of Ig's 
to milk replacers has been reported to increase the survival rate (Scoot 
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et al., 1972) from 33 % to 83 %. Those authors also reported that 
increasing the length of time of administration of Ig's increased the 
survival rate as well. The increase of inclusion rate of Ig's also seems 
to increase the rate of survival (Mc Callum et al., 1977). It would seem 
that the same would happen with SOPP. But, in preliminary trials 
conducted in our department, feeding newborn pigs exclusively with SOPP 
caused them death in a short period of time, possibly due to the high 
content of minerals, especially Na. 
In conclusion, these experiments demonstrate the existence of Ig G in 
SOPP. Moreover, SOPP contains functional. 19's against very specific 
porcine pathogens such as porcine parvovirus and rotavirus as demonstrated 
by HI and ELISA. The data are, in general, in accordance with previous 
research. The Ig's in SOPP are absorbed by neonatal piglets before 
closure at 24 h (Speer et al., 1959). However, the survival rates were 
not increased by feeding SOPP either as a part of a milk replacer or as a 
supplement after birth. 
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TABLE·1. Milk replacer formula (Experiment 1) 
Ingredient 
Dri ed skim mil k 
Dextrose 
Soy oil 
Calcium phosphate 
Vitami n premi x 
Trace mineEal premixb 
Antibiotic 
Calculated analysis 
Metabolizable energy,. kcal/kg 
Crude protein 
Calcium 
Phosphorus 
Lysine 
% 
70.00 
23.00 
5.00 
1.50 
.20 
.10 
.25 
3650.06 
23.31 
1.23 
1.06 
1.78 
aSupplied per kg of milk replacer (OM): 4,400 
IU vitamin A; 1,100 IU vitamin 0; 6.6 mg ribo-
flavin; 17.5 mg panthotenic acid; 33 mg nia-
cin; 10 mg vitamin B12 . 
bsupplied in mg/kg of milk replacer (OM): Zn, 
200; Fe, 100; Mn, 55; Cu, 10; Co, 1; I, 1.5. 
cSupplied per kg of milk replacer (OM): 110 mg 
chlortetracycline; 110 mg sulfathiazole; 50 mg 
penicill in. 
TABLE 3. 
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TABLE 2. Titers for HI in SDPP 
Concentration n Titer 
(mg/ml) 
1 2 64 
25 2 128 
50 2 512 
ELISA results for SDPP 
Absorbance x 103 (405 nm)a 
------------- Rotavirus dilution ~------------
Item 4000 SE 8000 SE 
Samples 
SDPP (1/100 dilution) ~ 1,039 
SDPP (1/500 dilution) 
SDPP (1/1000 dilution) b 
Controls 
PBS c 
No conjugate d 
e Pig serum (+ Control) f Pig serum (- Control) 
aMean of 4 samples. 
bSpray dried procine plasma. 
cPhosphate buffered saline. 
904 
883 
- 2 
- 3 
- 132 
34 
50 
20 
77-
2 
2 
1 
7 
dNo conjugate was added to these samples. 
1,034 
948 
769 
1 
2 
123 
20 
eSerum from pig seropositive to rotavirus (1/100 dilution). 
fSerum fr.om a pig seronegative to rotavirus (1/100 dilution). 
10 
50 
34 
2 
2 
9 
1 
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TABLE 4. Results for serum samples (Experiment 1) 
Treatment 
Test Control SE SDPP 
OGD + 
Hla 1.67 .52 4.50 
ELISAb 6.67 10.33 551.67 
Days alive 4.17 1. 72 5.17 
aExponent of titer. 
bAbsorbance at 405 nm x 103. 
TABLE 5. Survival percentage (Experiment 1) 
Days on experiment 
Treatment 
Control 
SDPP 
1 2 3 4 
------------------ Survival % 
100 
100 
100 
100 
83 
83 
67 
83 
5 
33 
83 
SE 
1.38 
190.10 
1.83 
6 
17 
33 
P>F 
.0008 
.0001 
.35 
7 
17 
17 
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TABLE 6. Performance and titers (Experiment 2) 
Treatment 
Item SDPP SE Control SE PR>F 
---------~----- 9 
ADG wk 1 112.9 14.1 113.8 14.3 .96 
ADG wk 2 186.1 11.6 210.5 11.5 .05* 
ADG wk 3 361.1 17 .6 385.8 17.0 .22 
ADG wk 0 to 3 178.0 7.8 183.3 7.5 .56 
Rotavirusa 365.0 5.0 356.7 5.0 .18 
Parvovirusb 13.3 .2 13.4 .2 .61 
Days alive 16.5 .9 17.7 .9 .33 
aAbsorbance at 405 nm x 103• 
bExponent for titer. 
*P>.05. 
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APPENDIX I 
Table 1. Analysis of variance for Experiment 1 
HI a ---~~~~-- ------------
Source of variation df MS PR>F MS 
Treatment 1 3.0 .35 24.1 
Error 10 3.2 1.1 
Total 11 
aHemoagglutination (Exponent of titer). 
bAbsorbance at 405 nm x 103. 
PR>F 
.0008 
ELISAb 
--------------
MS PR>F 
891,075 .0001 
18,121 
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APPENDIX II 
Table 1. Analysis of variance for Experiment 2 
ADGI ADG2 ADG3 
--------- --------- --------
SVa df MSE PR>F MSE PR>F MSE PR>F 
Treatment I .000 .96 .017 .05 .017 .22 
Sow 14 .019 .18 .008 .07 .042 .01 
Trt x sow 14 .011 .68 .004 .94 .010 .85 
Remainder b 
aSV = Source of variation. 
bDifferent df used because of weekly deaths. 157=ADGI; 
125=ADG2; 121=ADG3; 121=ADG03. 
Table 1. (Continued) 
pc 
ADG03 
---------
MSE PR>F 
.000 .56 
.005 .05 
.002 .79 
RVd Q~~~_~l!~~ 
------------- -------------
SVa df MSE PR>F MSE 
Treatment I 51.8 .32 .3 
Sow 14 73.3 .25 10.6 
Trt x sow 14 50.6 .56 1.1 
Remainder e 
cParvovirus (Exponent for titer). 
dRotavirus (Absorbance at 405 nm x 103). 
PR>F MSE 
.61 2,271 
.0001 18,860 
.92 1,131 
eDifferent df used because of weekly deaths. 157=days alive; 
138=Parvovirus and rotavirus. 
PR>F 
.18 
.0001 
.76 
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APPENDIX III 
COMPOSITION OF BUFFERS AND SOLUTIONS USED IN ELISA ASSAYS 
COATING BUFFER 
1.59 9 Na2 C03 
2.93 9 Na H C03 
1 L deionized water 
WASHING SOLUTION (PBS-Tween) 
0.5 ml Tween (Polyoxymethilene sorbitan monolaureate)1 
1.0 L .01 M Phosphate buffered saline (PBS, pH=7.4) 
BLOCKING SOLUTION (PBS-Tween-l% BSA) 
10.0 9 Bovine serum albumin (BSA) 
0.5 ml Tween (Polyoxymethilene sorbitan monolaureate)l 
1.0 L .01 M Phosphate buffered saline (PBS, pH=7.4) 
CHROMOGEN SUBSTRATE 
25 ul ABTS [2-2'-Azido-di-(3-ethyl-laury-thiazoline sulfonic aCid)]2 
20 ul H202 30 % solution
3 
5 ml .005 M Citrate buffer (pH=3.5) 
ISigma Chemical, St. Louis, MO. 
2 VMSL, Ames, IA. 
3Fisher SCientific, Pittsburgh, PA. 
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GENERAL SUMMARY 
Two sets of experiments were conducted in order to study the effects 
of spray dried porcine plasma (SDPP) as a source of protein and 
immunoglobulins (Ig's) for weanling and newborn pigs. SDPP is a 
by-product from the meat packing industry which has 70 % content of crude 
protein, 6.10 % lysine, 11 % ash and 5.10 % sodium. 
A set of four experiments were conducted with 4-wk-old weanling pigs. 
They were assigned to different diets consisting of a basal corn-soybean 
meal-dried whey diet. Different sources of protein were used to 
substitute soybean meal at 10 %. In Exp. 1 those sources were: casein 
(CAS), meat extract (MX), isolated soy protein (ISP) and SDPP; in Exp. 2: 
dried skim milk (DSM), SDPP and basal diet (SBM); in Exp. 3: a mixture of 
MXand SDPP (MX-SDPP), SDPP, SDPP and spray dried blood meal (SDPP-BM) and 
spray dried blood meal (BM); in Exp. 4: basal diet (SBM), SDPP, SDPP-BM 
and BM. Pigs were penned individually, except for Experiment 4 in which 
12 pens of 8 pigs were used (96 pigs total). Experiments lasted 28 d. 
Pigs fed SDPP had a faster (P<.05) ADG than pigs fed the other dietary 
treatments in Exps. 1, 2 and 4 for wk 1 and 2 combined and for Exp. 2 for 
the total 4 wk period. Pigs fed SDPP diets had higher (P<.05) ADF than 
the other dietary treatments in Exps. 1, 2 and 4 for wk 1 and 2 combined 
and in Exp. 2 for the total 4 wk period. G/F ratio in SDPP-fed pigs was 
not different (P<.05) in any of the Experiments for wk 1 and 2 combined, 
except for Exp. 4, in which SDPP-fed pigs had higher (P<.05) G/F than 
BM-fed pigs. For the total 4 wk period SDPP-fed pigs had lower (P<.05) 
G/F ratio than CAS-fed pigs and ISP-fed pigs in Exp. 1 and SBM~fed pigs in 
Exp. 2. Scours index for SDPP-fed pigs in Exp. 4 was lower (P<.05) than 
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it was for the other dietary treatments for the total 4 wk period, but it 
was not different (P<.05) than BM-fed pigs. 
In the second set of experiments, SOPP was assayed to study its 
content of Ig's by Ouchterlony gel diffusion (OGO) for Ig G, 
hemoagglutination inhibition (HI) for Ig's against porcine parvovirus and 
enzyme linked immuno-absorbant assay (ELISA) against porcine rotavirus. 
All the tests indicated the presence of the different Ig's. Two 
experiments were conducted to study if those Ig's were absorbed from the 
intestinal lumen to the blood stream by neonatal piglets. In Exp. 1, 12 
newborn colostrum free piglets were assigned to two treatments: 1) 
control, milk replacer at 20 % in water and 2) SOPP, milk replacer (10 %) 
and SOPP (10 %) in water. Pigs were fed by stomach tube hourly for 8 h, 
had a 6 h fast and fed hourly for 4 h. Then were transferred to a common 
milk replacer, which was fed 4 times a day (0800, 1200, 1800, 2200). This 
experiment lasted 7 d. Piglets were bled at 24 h and serum was assayed by 
OGO, HI and ELISA. Serum from SOPP-fed pigs had Ig G (serum from control 
pig did not), had higher (P<.OOOI) titers of Ig's against porcine 
parvovirus and higher (P<.0008) absorbance (405 nm) for Ig's against 
porcine rotavirus than the control pigs. 
(P>~05) in days alive between treatments. 
There were no differences 
In Exp. 2, 157 newborn piglets 
from 15 litters were assigned to two treatments: 1) Control, piglets were 
allowed to nurse the dams at all times and 2) SOPP, pigs were allowed to 
nurse the dams all times and received two 7.5-ml oral feedings of a 200 
mg/ml suspension of SOPP in water between 12 and 36 h of life. Blood 
samples were obtained and serum was assayed by HI and ELISA. There were 
no differences (P<.05) between treatments in AOG wk 1, AOG wk 2, AOG wk 3 
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and days alive. However, the control piglets had higher (P<.05) AOG wk 2 
than the SOPP treated pigs. Ig concentrations in serum were not different 
(P>.OS) between treatments. 
In conclusion, the substitution of SOPP for soybean meal at 10 % in a 
corn-soybean meal-dried whey diet in general improved AOG and AOF 
particularly in the first 2 wks after weanling when compared with diets in 
which SBM was substituted at 10 % for other common protein sources. 
However, the G/F ratios generally did not differ among treatments. SOPP 
contains Ig G, Ig's against porcine parvovirus and porcine rotavirus, 
which are absorbed from the neonatal piglet intestinal tract to the blood 
stream. However, when pigs were fed two oral feedings of SOPP solution 
and allowed to nurse their dams at all the times, no differences were seen 
in Ig concentration and in ADG wk 1, wk 3, wk 0-3 and days alive when 
compared with pigs that nursed their dams. 
